Objectives: To determine which risk factors are associated with overall survival in patients with T3b or T3c renal cell carcinoma. Materials and Methods: Retrospective chart review was performed on all patients who underwent a nephrectomy at Lahey Hospital from 1971-2014 and had a diagnosis of pathologic T3b or T3c renal cell carcinoma. Twenty-one potential risk factors were examined and analyzed using Cox Proportional Hazard Survival models. Additional factors examined in this cohort included rate of complications, tumor recurrence, intra-operative death rate, and 30-day mortality rate. Results: One-hundred eighty-two patients with stage T3b or T3c renal cell carcinoma met inclusion criteria. Of these, 124 (68%) were stage T3b and 58 (32%) were stage T3c. Median follow-up was 18.5 months. One-hundred and six (58%) patients experienced a complication from surgery. The intra-operative death rate was 1.1% (2 patients). The 30-day mortality rate was 7.1% (13 patients). Seventy-one (39%) patients had disease recurrence at a median of 7 months (range 1 -232 months). The 5-year disease-specific survival was 40% and the 5-year overall survival was 32%. Of the 21 risk factors analyzed, clear cell histology, positive lymph nodes, and peri-nephric fat involvement were all significant at the p < 0.05 level using unadjusted modeling. On multivariable analysis, fully adjusting for all three significant variables, only positive lymph nodes and peri-nephric fat involvement remained significant. Conclusions: In patients with T3b or T3c renal cell carcinoma overall survival is associated with lymph node positivity and peri-nephric fat involvement and not tumor thrombus level.
invade vascular structures, such as the renal vein and subsequently the inferior vena cava and right atrium. This phenomenon of vascular invasion, known as "tumor thrombus," occurs in an estimated 4% -10% of renal cell carcinoma cases [2] .
In recent years, it has been recognized that patients with tumor thrombus limited to the renal vein have a survival advantage over those with vena cava involvement [3] [4] .
The American Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC) amended their 2010 TNM staging system to re-classify these T3b patients with only renal vein involvement into the T3a category [5] .
Over the past few decades, small retrospective studies have reported conflicting results about which risk factors have the best prognostic value for patients with tumor thrombus. In 2006, an international consortium was established to better characterize this disease entity and resolve some of the conflicting results in the literature [6] . Valuable information has and continues to be attained from this large cohort of over 2000 patients but there still remains a need for individual institutions to analyze and critically examine their respective patient populations. This is especially true given the 2010 re-classification of T3b patients with only renal vein involvement and the relative paucity of studies exclusively examining patients with vena cava involvement.
The purpose of this study is to examine a cohort of patients at a single institution with T3b and T3c renal cell carcinoma to determine which risk factors are associated with survival in patients with tumor thrombus involving the vena cava. To better understand the patient population, survival and peri-operative outcomes will be examined.
Materials and Methods
Institutional review board approval was obtained. The medical records of all patients who underwent a nephrectomy at Lahey Hospital from 1971-2014 and had a diagnosis of pathologic T3b or T3c renal cell carcinoma were examined. Data was initially extracted from a retrospectively maintained database and supplemented by chart review in instances where risk factors were incompletely documented in the database. Cases prior to 2010 were evaluated and re-staged according to the 2010 renal cell carcinoma TNM staging system provided by the American Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC). All cases meeting criteria for stage T3a were excluded. All laparoscopic or solitary kidney cases were also excluded.
Out of the initial 291 cases identified, 182 met inclusion criteria.
Twenty-one potential risk factors were examined (Table 1) 
Results
One-hundred eighty-two patients with stage T3b or T3c renal cell carcinoma met in- Seventy-one (39%) patients had disease recurrence at a median of 7 months (range 1 -232 months). The most common location of recurrence was the lung (24 patients), followed by the liver (16 patients) and bone (16 patients).
Overall, one-hundred fifty (82.4%) patients included in the study died. One-hundred ten (60.4%) deaths were due to renal cell carcinoma. The 5-year disease-specific survival was 40% and the 5-year overall survival was 32% ( Figure 1 ). Only 7 (3.8%) patients were lost to follow-up.
On unadjusted analysis clear cell histology (p = 0.0094), positive lymph nodes (p = 0.0001), and peri-nephric fat involvement (p = 0.0011) were all significant at the p < 0.05 level ( Table 2) . On multivariable analysis, fully adjusting for all three significant variables, only positive lymph nodes (p = 0.0003) and peri-nephric fat involvement (p = 0.0255) remained significant (Table 3 ).
Discussion
Historically, cancer staging and subsequent treatment plans were based solely on anatomic extent of the cancer. This paradigm is shifting as electronic health records and a better understanding of cancer biology has facilitated the creation of prognostic and predictive models for many common diseases such as breast, colon, and lung cancer [5] .
While there have been great strides for common diseases, rare disease entities such as In order to identify some of these prognostic indicators, we examined 21 potential risk factors in a group of 182 patients with tumor thrombus involving the vena cava (T3b or T3c RCC). On multivariable analysis, only positive lymph nodes and peri-nephric fat involvement were found to be significantly associated with survival (p = 0.0003 and p = 0.0255, respectively). Tumor thrombus level was not found to be significant. 182  51  24  12  6  2  0  182  51  24  12  6  2  0  182  27  13  7  3 1 0 Yes 37% (22%, 51%) [14] 34% (19%, 49%) [10] 10% (0.4%, 21%) [3] **Wilcoxon test p-value give more weight to early part of Kaplan-meier curves where there are more data. Log-rank test weights all times equally, so differences in curves later in time are given more weight than Wilcoxon test. Gray shading indicates variable missing on >20% of the patients are shaded (n = 145 or less). Check for proportional hazards was done for this model using plots of schoenfeld residuals and computing chi-square tests for rank correlation of residuals with time (p = 0.36 for positive lymph nodes, p = 0.84 for perineph fat involvement).
Tumor thrombus level is one of the most highly scrutinized prognostic implications is the literature. For those with vena cava involvement, most studies show no difference in survival based on extent of tumor thrombus while some have demonstrated an adverse effect on survival for those with tumor thrombus extending to the atrium [2] [11]- [19] .
In 2004, the Mayo Clinic assessed 540 patients with RCC with renal venous extension, 191 of which had IVC tumor thrombus. In their paper, they reported primary tumor histological factors as important predictors of prognosis and found no significant difference in survival by thrombus level among patient with IVC thrombus. In their analysis, which included tumor thrombus limited to the renal vein, they found perinephric fat involvement, regional lymph node involvement, distant metastasis, histological tumor necrosis and sarcomatoid component to all be associated with survival.
This is in line with other studies [9] [10] which have shown primary tumor characteristics, such as stage, grade, and lymph node involvement to determine outcome rather than extent of tumor thrombus.
Our current study supports this finding as we also found positive lymph nodes and peri-nephric fat involvement, both primary tumor characteristics, to be significantly associated with survival while thrombus level was not significant.
Some limitations of our study include the fact that this is a retrospective study at a single institution. The data also spans multiple decades from 1970 to the present. Given the relatively uncommon diagnosis of tumor thrombosis, it is difficult to get an appreciable number of subjects without spanning multiple decades. However, this opens up the possibility of confounding variables given advancement in technology. Staging was primarily determined by venocavogram and bone scans in the earlier time points while modern staging typically involved CT and/or MRI.
Conclusion
In patients with T3b or T3c renal cell carcinoma, overall survival is associated with lymph node positivity and peri-nephric fat involvement and not tumor thrombus level.
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